Bread wheat (Triticum aestivum L.) is third major cereal crop of Nepal where cereal based foods represent the largest proportion of the daily diet. Lack of diverse food habit in the country is resulting micronutrient deficiency. This could be addressed by introducing biofortified bread wheat genotypes. This field research was conducted at Agriculture Botany Division, Khumaltar, Lalitpur to study the variability of biofortified bread wheat genotypes for grain zinc, iron, yield, yield attributes and identify high yielding genotypes with high grain zinc and iron concentration. 50 wheat genotypes (47 biofortified, 3 checks) were tested in alpha lattice design with two replications. Data on grain zinc, iron, yield and yield attributes were recorded and analyzed (α=5%). Genotypes differed significantly for the studied traits which provide an opportunity to improve the existing germplasms for targeted traits and environment. Grain yield was correlated positively with effective tiller, plant height, days to maturity, grains per spike and negatively with thousand grain weight. Grain zinc and iron concentration were significantly positively correlated but had positive non-significant relation with grain yield suggesting simultaneous improvement of both micronutrients without compromising grain yield is possible. Effective tiller and peduncle length can be used as selection criteria for high grain yield and micronutrient concentration respectively. Superior genotypes containing higher grain iron, zinc and yield can be used as parent in breeding for developing zinc and iron enriched varieties.
Introduction
Bread wheat (Triticum aestivum L.) is a widely cultivated cereal grain of Poaceae family and is one of the major staple foods across the world. It is the second most important food crop worldwide after rice. World wheat harvest of the year 2016 was 749,460,077 tons from 220,107,551 ha land area (FAOSTAT, 2016) . In Nepal wheat is third major cereal crop after rice and maize in terms of the area of production found anemic. More than 3/4 of apparently healthy women were found to be zinc deficient in Bhaktapur, Nepal (Chandyo et al., 2009) . About 50% of children in Nepal suffer from stunting. The government has recognized the need for zinc supplements for stunted children. The economic cost of malnutrition mainly mineral & vitamin deficiency was estimated 2-3 % of GDP (US$ 250 to 375 million) every year in Nepal (World Bank, 2012) . In countries with a high incidence of micronutrient deficiencies, cereal-based foods represent the largest proportion of the daily diet (Bouis & Welch, 2010) . Biofortification of cereal crops increases the micronutrient concentration in daily dietary intake and is the best prevention against micronutrient deficiencies. Wheat has been considered ideal for biofortification due to its significant role in ensuring food security .
CIMMYT initiated biofortification in wheat breeding in 2006 in collaboration with partners of HarvestPlus Program. The major objective of Biofortified Wheat Project is to develop nutritionally enhanced cultivars of common wheat (Triticum aestivum L.) to increase peoples' intake of Zinc and Iron (Velu, 2012) . Screening of synthetic wheat, spelt wheat and wheat landraces with high micronutrient concentration were followed by crossing with high yielding, adopted bread wheat and selection for certain agronomic, disease resistance traits and micronutrient concentration. This resulted in incorporation of several novel alleles for micronutrient in high yielding adopted bread wheat varieties . Four biofortified bread wheat varieties Zincol 2016 in Pakistan, Zinc Shakti, WB02 and HPBW-01 in India has been released but no biofortified bread wheat is released in Nepal till date. The biofortified wheat genotypes developed by CIMMYT were tested in this research to study the variation among the genotypes for grain zinc, grain iron, grain yield, yield attributes and to identify the best genotype with high grain iron and zinc concentration without compromising grain yield.
Materials and Methods

Plant Material
Forty-seven biofortified bread wheat genotypes with significantly improved Zn and Fe concentrations and desirable agronomic traits along with two commercial checks from CIMMYT and one local check WK 1204 from ABD, NARC (Table 1) Micronutrient Sampling and Analysis 20 g of cleaned grain samples from each plot were analyzed in Wheat Quality Lab, Institute of Agriculture, Banaras Hindu University, Varanasi, India for micronutrient analysis with a bench-top, non-destructive, energydispersive X-ray fluorescence spectrometry (EDXRF) instrument (model x-supreme8000, Oxford Instruments plc, Abingdon, UK) (Paltridge et al., 2012) .
Genetic Parameters Estimation
Broad Sense Heritability The broad sense heritability was calculated according to (D. S. Falconer, 1960) 
Genotypic and phenotypic variance were obtained from analysis of variance table according to (Sing & El-Bizri, 1992 )
The heritability was categorized as 0-30% as low; 30-60% as moderate; 60% and above as high heritability (Robinson, Comstock, & Harvey, 1949) .
Phenotypic and genotypic coefficient of variation
Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were estimated according to (Sing & El-Bizri, 1992 )
Where, 2 = 2 = ℎ X= mean value of the trait PCV and GCV were categorized as 0-10%;low, 10-20%;moderate and above 20%;high (Sivasubramanian & Menon, 1973) Genetic Advance and Genetic Advance as Percentage of Mean Genetic advance was calculated as per the following formula
Where, K= Selection intensity (5%=2.06)
Genetic advance as % of mean was estimated according to (Hanson, Robinson, & Comstock, 1956) Genetic advance as % of mean (GAM) = GA mean value of the trait * 100%
Genetic advance ass % of mean is categorized as 0 to 10% low GAM, 10 to 20% moderate GAM and above 20% high GAM (Johnson, Robinson, & Comstock, 1955) 
Statistical Analysis
The descriptive statistical analysis of variance (ANOVA) was estimated using R-Studio version: 3.3.0, correlation was estimated using META R software and UPGMA cluster was estimated using MINITAB 18. Statistical analysis was done at 5% level of significance. 
Result and Discussion
Mean Performance
Genotypes differed significantly for all the studied traits ( Table 2 ). The genotypes differed significantly for days to heading with the range of 115 days to 134 days and days to maturity with the range of 163 to 183 days. Number of effective tiller ranged from 162 to 424 per m 2 . Plant height ranged from 93 cm to 113 cm, peduncle length ranged from 9.9 cm to 25.5 cm. and spike length ranged from 9.1 cm. to 11.9 cm. The number of grain per spike varied significantly with the range of 42 to 76, grain weight per spike with the range of 2.44gm to 3.84gm, thousand grain weight with the range from 44.8gm to 66.2 gm. The genotypes significantly varied on grain iron concentration ranging from 32.59 ppm to 49.97 ppm and grain zinc concentration from 33.0 ppm to 53.46 ppm. Among all the tested genotypes 94% genotypes had grain zinc concentration higher than the local check WK 1204 (Fig. 1) and 100% genotypes had grain iron concentration higher than the local check WK 1204 (Fig. 2) . Grain iron yield of tested genotypes ranged from 138.3 kg/ha to 365.7 kg/ha and Zinc yield ranged from 126.4 kg/ha to 407.0 kg/ha. Among all the tested genotypes 76% genotypes had zinc yield and grain iron yield more than local check WK 1204 (Fig. 3, Fig. 4 ).
The genotypic and phenotypic correlations between grain zinc and iron concentration were significantly positive ( Table 3 ) which means that the grain zinc and iron concentration can be simultaneously improved through selection. Similar association was reported between grain iron and zinc concentration by Velu et al., (2012) ; Chatrath et al., (2018) ; Liu et al., (2014) ; Monasterio & Graham, (2000) .The grain iron yield was significantly positively correlated with grain yield and similar result was reported by Velu et al., (2012) . The grain zinc yield was significantly positively correlated with grain yield and similar result was obtained by Velu et al., (2012) . The positive relation between yields of grain iron and grain zinc with grain yield suggests that breeding for high zinc and iron yield do not have any negative effect in grain yield potential Velu et al., (2012) . The grain yield had significant positive genotypic correlation with days to heading and maturity, plant height, number of effective tiller per m 2 , number of grain per spike, grain iron concentration (Table 3 ). The strongest genotypic correlation of grain yield was found with number of effective tiller per m 2 (0.766***) and plant height (0.529***). Similarly, strong phenotypic correlation of grain yield was found with effective number of tillers per m 2 (0.658***) and plant height (0.424**). According to Joshi et al., 2008 , the number of effective tiller and grains , number of grain per spike, number of spike per plant with grain yield was found significantly positive. From this research, genotypic correlation between grain yield and thousand grain weight was found significant negative (-0.48***) which reveals genotypes having higher yields has higher number of grains. Negative correlation between thousand grain weight and grain yield was also reported by Mohammadi et al., (2012) ; Khan, Azam, & Ali, (2010) but significantly positive correlation between thousand grain weight and grain yield was reported by Joshi et al., (2008) ; Kashif & Khaliq, (2004) . Based on the mean performance, correlation and regression analysis grain yield could be increased by selection based on number of effective tiller per m 2 , plant height, number of grains per spike, grain weight per spike.
Genetic Parameters
Heritable genetic variation in targeted traits has great importance in crop genetic improvement. Hence the available genetic variation, heritability and expected genetic gain are useful to develop better breeding strategies (Jalata, Ayana, & Zeleke, 2011) . Grain yield is a polygenic trait having low heritability and often affected by environment, so the selection for grain yield is difficult (Riaz & Chowdhry, 2003) . The genotypic coefficient of variation and heritability estimates provide the scope of genetic advance to be expected through phenotypic selection. The value of GCV was high for peduncle length (20.2), moderate for effective tiller per m 2 (13.8) and grain yield per ha (10.6) and low for other remaining traits (Table 4) . The PCV was found higher than GCV for each traits but the difference between PCV and GCV is less which shows less environmental effects on the traits expression since PCV is result of GCV and ECV. If proportion of GCV of studied trait exceeds environmental effect at higher level, selection of genotypes is recommendable for improvement further. Similar finding was reported by Jalata, Ayana, & Zeleke, (2011); Tsegaye, Dessalegn, Dessalegn, & Share, (2012) . The character with high heritability but low genetic advance is governed by non-additive gene action, whereas the character with high heritability and high genetic advance is governed by additive gene action (Eid, 2009) . Peduncle length was found with high heritability (83.2%) and high genetic advance (38.0%) and this trait is found to have additive gene action (Table 4) . Also, peduncle length had highly significant positive genotypic correlation with grain number per spike, grain iron concentration and grain zinc concentration but it had highly significant negative genotypic correlation with days to heading and maturity. So the selection based on peduncle length would be effective on improvement of grain zinc and iron concentration and earliness of variety. Moderate heritability (54.9%) and high genetic advance (20.2%) is found for the number of effective tiller per m 2 which is strongly correlated with grain yield. Selection based on tiller number per m 2 would be effective on improving grain yield. Ali et al., (2008) reported high heritability followed by high genetic gain for number of effective tiller per m 2 . Moderate heritability followed by moderate genetic gain for grain yield, grain zinc concentration, grain number per spike, grain weight per spike showed moderate scope for improvement of these traits. High heritability for days to heading, days to maturity, moderate heritability for plant height, spike length, thousand grain weight and grain iron concentration with low genetic advance indicates non-additive gene effects and limited scope of improvement of these traits through selection (Jalata et al., 2011) .
Cluster Analysis
The cluster analysis based on days to heading and maturity, plant height, peduncle length, number of effective tiller per m 2 , number of grain and its weight per spike, thousand grain weight, grain yield, grain iron and zinc concentration divided the genotypes in 5 different clusters (Fig.5) . Cluster I consisted of 29 genotypes representing the genotypes with moderate days to heading, days to maturity, plant height, number of effective tiller per m 2 , grain weight per spike, grain number per spike, thousand grain weight, grain yield, grain iron concentration and grain zinc concentration. Cluster II consists of 5 genotypes with highest yield and other yield attributing traits. These genotypes (7HPYT402, 7HPYT426, 7HPYT405, 7HPYT410 and 7HPYT429) could be selected for gaining highest yield with high grain zinc and iron concentration. This cluster is superior for number of effective tillers per m 2 , grain number and its weight per spike and grain yield. The thousand grain weight is lowest for the genotypes of cluster II. Cluster III with 13 genotypes (7HPYT403, 7HPYT404, 7HPYT438, 7HPYT407, 7HPYT420, 7HPYT432, 7HPYT439, 7HPYT406, 7HPYT428, 7HPYT422, 7HPYT436, 7HPYT413 and 7HPYT418) could be selected for highest grain iron and zinc concentration with average yield. This cluster is very important for the genotypes with highest grain zinc and grain iron concentration and longest peduncle length. The cluster IV consisted of 1 genotype 7HPYT419 with earliest heading and maturity, very short in plant height, highest per spike and 1000 grain weight but has lowest number of effective tillers per m 2 lowest grain iron concentration. This genotype could be used in breeding for early maturity, larger grains. The cluster V consisted of 2 genotypes 7HPYT431 and 7HPYT449 with very late in heading and maturity, least peduncle length, and grain iron concentration. The genotypes of cluster I and cluster II are found to be closely related whereas the genotypes of cluster II and cluster IV are most distantly related (Table 5) . According to Rahim et al., (2010) the hybridization between distantly related genotypes produce high yielding hybrids, so the genotypes of cluster II and cluster IV can be used for hybridization program for transgressive character 
